The biotic recovery from Earth's most severe extinction event at the Permian-Triassic boundary largely reestablished the preextinction structure of marine trophic networks, with marine reptiles assuming the predator roles. However, the highest trophic level of today's marine ecosystems, i.e., macropredatory tetrapods that forage on prey of similar size to their own, was thus far lacking in the Paleozoic and early Mesozoic. Here we report a top-tier tetrapod predator, a very large (>8.6 m) ichthyosaur from the early Middle Triassic (244 Ma), of Nevada. This ichthyosaur had a massive skull and large labiolingually flattened teeth with two cutting edges indicative of a macropredatory feeding style. Its presence documents the rapid evolution of modern marine ecosystems in the Triassic where the same level of complexity as observed in today's marine ecosystems is reached within 8 My after the Permian-Triassic mass extinction and within 4 My of the time reptiles first invaded the sea. This find also indicates that the biotic recovery in the marine realm may have occurred faster compared with terrestrial ecosystems, where the first apex predators may not have evolved before the Carnian.
macropredator | macroevolution T he structure of modern marine trophic networks originated in the Cambrian (1), but pre-Mesozoic ecosystems lacked conspicuous macrophagous tetrapod apex predators feeding on other large vertebrates (macropredators). Such predators became an integral component of food webs during the recovery from the Permian-Triassic (P/T) mass extinction (2, 3) , succeeding a long list of Paleozoic predators that gradually evolved larger, faster, and more mobile forms (4) . From the Jurassic to the present, the macropredator role in the sea has been assumed by a variety of secondarily marine tetrapods (2, 5) and, since the Late Cretaceous, also by sharks. For example, the macropredators in today's marine ecosystems, the great white shark and the orca, are both capable of hunting, seizing, and dismembering prey of equal or even larger body size than their own (6, 7) . In the Jurassic and Cretaceous such macrophagous apex predators were marine reptiles, including pliosaurs, marine crocodiles, mosasaurs, ichthyosaurs, and sharks (2, 5) . Throughout most of the Triassic, large macrophagous apex predators were unknown, suggesting that an essential component of extant marine food webs was absent. However, we now describe a very large ichthyosaur, Thalattoarchon saurophagis gen. et sp. nov., that places the evolution of such top predators at most 8 My after the P/T mass extinction and only 4 My after the first marine reptiles appeared in the fossil record.
Systematic Paleontology
Ichthyosauria Blainville 1835 Merriamosauria Motani 1999 Thalattoarchon saurophagis gen. et sp. nov
Etymology. The origin of the name is Thalatto-from Greek (sea, ocean) and archon (ruler); the specific name is sauro-from Greek (reptile, lizard) and phagis from Greek (eating).
Holotype and Only Specimen. The Field Museum of Natural History (FMNH) contains specimen PR 3032, a partial skeleton including most of the skull (Fig. 1 ) and axial skeleton, parts of the pelvic girdle, and parts of the hind fins.
Horizon and Locality. FMNH PR 3032 was collected in 2008 from the middle Anisian Taylori Zone of the Fossil Hill Member of the Favret Formation at Favret Canyon, Augusta Mountains, Pershing County, Nevada. The minimum geological age of the find is 244.6 ± 0.36 Ma (SI Methods). The exact locality data are on file at the FMNH.
Diagnosis. This predator is a very large ichthyosaur >8.6 m (SI Length Estimate and Proportions) with autapomorphic very large, labiolingually flattened teeth ( Fig. 1 E-H) bearing two cutting edges (bicarinate) (Table S3 ). Additionally, the described taxon can be diagnosed by six unambiguous but equivocal synapomorphies: a postfrontal that does not participate in the upper temporal fenestra, a postorbital that adopts a triradiate shape, an anterior terrace of the upper temporal fenestra that reaches the nasal, a supratemporal that lacks a ventral process, teeth that are laterally compressed, and a tibia that is wider than long. The described taxon differs from Cymbospondylus, the only other known large Middle Triassic ichthyosaur, in having a skull nearly twice as large for the given total body length (SI Length Estimate and Proportions), in the lack of a deep lower temporal embayment, in that the upper tooth row extends back nearly to the anterior margin of the orbit (Figs. 1 and 2), in that the rib articular facets are not truncated by the anterior margin of the centrum, and in that the posterior dorsals and anterior caudals are bicipital. It differs from the Upper Triassic Himalayasaurus tibetensis, the only other Triassic ichthyosaur with laterally compressed bicarinate cutting teeth, in the conical, evenly tapering tooth crowns that lack longitudinal fluting ( Fig. 1 E-H) .
Phylogenetic Relationships. Phylogenetic analyses on the basis of parsimony and Bayesian methods indicate that the described taxon is more derived than Mixosauridae and Cymbospondylus and represents a basal member of Merriamosauria. In the Bayesian analysis, it falls out as more derived than Californosaurus, Toretocnemus, and Besanosaurus but is basal to more derived merriamosaurs (Fig. 3) . This phylogenetic position is consistent with the stratigraphic occurrence of Thalattoarchon in the middle Anisian (Fig. 3) .
Brief Anatomical Description. The skull of Thalattoarchon was strongly dorsoventrally flattened by sediment compaction (Fig. 1  A and D) , but it was not crushed. Weathering removed all evidence of the premaxillae, external nares, and anterior parts of the lower jaw. The orbits are elongate, the left measuring 29 cm in length, with a well-preserved scleral ring. The upper temporal openings are large and oval, reminiscent of those of Shastasaurus (8) . The postorbital region is long, and the lower temporal embayment is very shallow. The maxilla extends well below the orbits and bears large teeth to its posterior extremity.
The very large bicarinate cutting teeth of Thalattoarchon are its most remarkable feature, along with the large skull size compared with total body length (SI Length Estimate and Proportions). Only the posterior maxillary teeth are preserved, yet it is safe to assume that tooth size increased toward the middle of the jaw. Such a trend is seen in many ichthyosaurs (9) and other marine reptiles: for example, mosasaurs (10), thalattosuchians (11) , and pliosaurs (12) . The largest fully preserved tooth of Thalattoarchon is a minimum of 12 cm tall (the full extent of the root is not exposed), with the crown being 5 cm high. The tooth crown is labiolingually flattened, lingually recurved, and bears sharp anterior and posterior cutting edges. There is no evidence of serration on the two cutting edges, and the labial and lingual surfaces of the crown are smooth (Fig. 1, E-H) . One isolated tooth is only preserved as the fill of the pulp cavity. Even this pulp cavity fill shows the two cutting edges, which would have been much more pronounced on the enamel cap (13, 14) . The teeth have massive roots with round cross sections and dentine infolding but are not swollen compared with the crown. The lateral margin of the dental lamina of the maxilla shows the remains of the resorbed teeth. On the basis of tooth shape and size and the presence of distinct cutting edges, the teeth can be assigned to the "cut" feeding guild among marine reptiles (15) (SI Anatomical Descriptions).
Discussion
At a conservative length estimate of 8.6 m, Thalattoarchon is one of the largest Early and Middle Triassic ichthyosaurs known and is about the same size as the generalist-feeder Cymbospondylus (SI Length Estimate and Proportions) and the largest modern shallow water macropredator, the orca. This overall large size, the large and massive skull, and the presence of very large, labiolingually flattened teeth are consistent with the macropredator role of Thalattoarchon. Large bicarinate cutting teeth suggest that large vertebrate prey (marine tetrapods and fishes) were part of the diet of Thalattoarchon, similar to that of extant orcas (7) . Among ichthyosaurs, bicarinate teeth similar in shape and size are seen only in the Late Triassic Himalayasasaurus, which lived at least 13 My later than Thalattoarchon and is known from very fragmentary material (16) . Himalayasasaurus must have been larger than Thalattoarchon, but the published estimate of a body length of 15 m (16) is poorly constrained. With a crown height of close to 6 cm, the teeth of Himalayasaurus are only slightly taller than those of Thalattoarchon with a body length of >8.6 m. Among post-Triassic ichthyosaurs, such large bicarinate cutting teeth (tooth crown height >5 cm) did not evolve. Although the Early Jurassic Temnodontosaurus, which also reached an estimated total body length of 9 m (17), shows some bicarinate teeth in its dentition, these are much smaller (Fig.  3) . Even the posteriormost teeth of Thalattoarchon are absolutely 45% larger than the largest documented teeth of Temnodontosaurus (15, 17) . Among other post-Triassic marine reptiles, cutting teeth indicative of a macrophagous apex predator role are found in the Late Jurassic plesiosaur Pliosaurus (16), Late Jurassic thalattosuchians such as Dakosaurus (11, 18) , and in large Late Cretaceous mosasaurs (16) . In the Cenozoic, large macropredators evolved among cetaceans (19) and sharks (20) . Thalattoarchon thus precedes all other large, macrophagous apex predator among secondarily aquatic tetrapods.
Beginning with the recovery from the P/T biotic crisis, many different amniote lineages independently invaded the marine realm at different times up to the present (2) . The first of these secondarily aquatic groups are three major lineages of reptiles: Sauropterygia, Thalattosauria, and Ichthyosauria. They suddenly appear in the marine fossil record by the late Spathian (Early Triassic), ∼4 My after the P/T crisis (8) . Intriguingly, the first taxonomic diversity peak of marine tetrapods is already reached in the Anisian (Middle Triassic) (21, 22) and coincides with great variation in dentitions, body shape, and body size. This morphological disparity suggests that this first radiation of marine reptiles had already diversified broadly into a variety of trophic strategies including feeding on fish, squid, and shelled invertebrates (2, 15, (21) (22) (23) . Among these, only ichthyosaurs rapidly evolved to large body size, for which a high basal metabolic rate (24) may have been a prerequisite (25) .
The discovery of Thalattoarchon in the Anisian Fossil Hill Member of Nevada indicates that the Early and Middle Triassic ichthyosaur radiation culminated in a large macrophagous apex predator already in the early Middle Triassic, at most 8 My after the P/T crisis. Thalattoarchon was the top tier ( Fig. S2 ) within a complex and taxonomically as well as ecologically diverse marine reptile and fish fauna (SI Fauna and Food Web of the Fossil Hill Member). The tetrapod fauna of the Fossil Hill Member lacks any indication of the proximity of a shoreline and is overwhelmingly dominated by ichthyosaurs, despite the great diversity of other marine reptile lineages occurring in the Triassic (2). The only unequivocal nonichthyosaur is the sauropterygian Augustasaurus (26, 27) . The ichthyosaur fauna is dominated by two large-bodied Cymbospondylus species (28, 29) , to which the majority of all finds pertain. Small ichthyosaurs of the genus Phalarodon (P. callawayi and P. fraasi) are rare (30) (31) (32) but are more common in the eastern outcrop, possible reflecting greater proximity to the paleo-shoreline (33) . Previous analyses of rich fossil lagerstätten in South China had documented the evolution of diverse marine reptile faunas by the Anisian as well (3, 34) , yet a large macrophagous apex predator remains unknown there.
Much research effort has focused on the tempo of the recovery after the P/T mass extinction and what factors influenced the recovery process. Biotic interactions are frequently considered to have a strong influence and in the P/T aftermath may have slowed the overall recovery (35) . Hoewever, extrinsic factors, i.e., poor environmental conditions such as extremely high temperatures, heightened CO 2 levels, and acid rain, could have delayed recovery as well (35) (36) (37) . It is often assumed that trophic networks rebuild from the bottom up, starting with the primary producers with a stepwise addition of further trophic levels (35) . The discovery of the top predator Thalattoarchon indicates full ecosystem recovery soon after the stabilization of the marine ecosystems following a period of large environmental perturbations (36) . Although large predators such as the rauisuchians Erythrosuchus and Ticinosuchus appear in the terrestrial rock record in the Anisian (38) , it has been suggested that full recovery on land was not reached until the Late Triassic, 30 My after the P/T extinction (39). It therefore seems possible that ecological recovery in the marine realm was faster compared with terrestrial environments, but further investigations are necessary to better understand this pattern.
Methods
The Bayesian analysis was conducted using Mr. Bayes 3.2.1 under application of the Mk model. The analysis was performed with four chains in two independent runs with 10 million generations and tree sampling at every 100 generations. A 25% burn-in was disregarded for subsequent analysis. It was tested whether the Markov Chain Monte Carlo (MCMC) chains have reached stationarity by plotting log-likelihood values against numbers of generations and evaluation of the SD of split frequencies. The analysis was run twice, once with and once without gamma shape distribution. The Bayes factor supports the analysis without gamma shape distribution, and the results of this analysis with associated posterior probability values are presented in Fig. 3 . Please note that the resulting tree topology of both analyses was identical.
The parsimony-based analysis was conducted with PAUP 4.0b10 on a MacIntosh computer. Five taxa were assigned outgroup status (Petrolacosaurus, Thadeosaurus, Claudiosaurus, Hovasaurus, and Hupehsuchus). All characters were treated as unordered, assigned equal weight, and were parsimony informative. Gaps were treated as missing data, and multistate taxa were interpreted as uncertainty. The reference taxon of the analysis was Utatsusaurus. The search mode was heuristic and used exactly the same settings as in the original analyses. The analysis found 44 most parsimonious trees (MPTs) 279 steps in length, which were optimized both under DELTRAN and ACCTRAN character optimization. The strict consensus of the MPTs has a consistency index of 0.514, a rescaled consistency index of 0.401, and a retention index of 0.792. For details of all methods please see SI Methods.
ACKNOWLEDGMENTS. Jim Holstein discovered the fossil during a field expedition led by Martin Table S1 for data. The stratigraphic position of Himalayasaurus tibetensis is only stated to be "Norian" (3). Thus, its oldest possible geological age is about 231 Ma, based on a radiometric date for the latest Late Carnian of 230.91 ± 0.33 Ma. This makes it at least 13 My younger than Thalattoarchon and 21 My younger than the P/T boundary.
Supporting Information
Preservation of Specimen. When the specimen was discovered, the snout and a section of the posteriormost dorsal and anterior caudal vertebral column had already been lost to weathering. Excavation recovered the greater part of the skull, the vertebral column largely in articulation (except for the missing part of the posteriormost dorsal and anterior caudal column), and scattered parts of the pelvic girdle and hind limbs. Except for an isolated phalanx, no bones were found of the pectoral girdle and forelimb. The specimen was deposited on the sea floor with its ventral side up as seen in some other large ichthyosaur specimens from Nevada (4) and the Lower Jurassic (5). The cervical and anterior dorsal vertebral column was telescoped into the skull and the region behind the skull when the specimen arrived on the sea floor, belly up and head first. The missing limb elements may have been lost from the carcass during the drifting phase or been removed by bottom currents or scavengers before burial. The skull and some vertebrae were preserved in a concretion and are less deformed than the rest of the skeleton. Nevertheless, the skull was flattened considerably by sediment compaction.
Phylogenetic Analysis. The phylogenetic framework for this study was obtained through a phylogenetic analysis using both parsimony and Bayesian approaches. The matrix analyzed (Table S2) was based on the matrix of Sander et al. (6) , which, in turn, is a modified and extended version of the matrix of Motani (7). Our matrix has 37 taxa, including the newly added T. saurophagis gen. et sp. nov., and contains 111 characters. No new characters were added to this matrix.
The Bayesian analysis was conducted using Mr. Bayes 3.2.1 under application of the Mk model, which represents the only currently available model for morphological datasets. The analysis was performed with four chains in two independent runs with 10 million generations and tree sampling at every 100 generations. A 25% burn-in was disregarded for subsequent analysis. It was tested whether the Markov chain Monte Carlo (MCMC) chains have reached stationarity by plotting log-likelihood values against numbers of generations. Moreover, the SD of split frquencies is well below the threshold of 0.01, which is a very good indication of convergence. The analysis was run twice, once with and once without gamma shape distribution.
The two runs per dataset were compared by calculating the Bayes factor, which is based on the difference between the harmonic means of the log-likelihoods of each respective run multiplied by two. It provides a measure that helps in assessing whether variation in the rates of character change improves the fit of the data to the model. Generally, a Bayes factor >10 is considered to reflect a strong support for the gamma shape distribution (8, 9) . The current analyses yielded a Bayes factor of 7.38. Hence, we chose to present the analysis without gamma shape distribution and its associated posterior probability values (Fig. 3) , even though the resulting tree topology of both analyses was identical.
The parsimony-based analysis was conducted with PAUP 4.0b10 on a MacIntosh computer. Five taxa were assigned outgroup status (Petrolacosaurus, Thadeosaurus, Claudiosaurus, Hovasaurus, and Hupehsuchus). All characters were treated as unordered, assigned equal weight, and were parsimony informative. Gaps were treated as missing data, and multistate taxa were interpreted as uncertainty. The reference taxon of the analysis was Utatsusaurus. The search mode was heuristic and used exactly the same settings as in the original analyses. The analysis found 44 most parsimonious trees (MPTs) 279 steps in length, which were optimized both under DELTRAN and ACCTRAN character optimization. The strict consensus of the MPTs has a consistency index of 0.514, a rescaled consistency index of 0.401, and a retention index of 0.792.
The parsimony-based analysis found T. saurophagis to be more derived than Mixosauridae and Cymbospondylus and represents a basal merriamosaur falling into an unresolved polytomy with Besanosaurus, Californosaurus, Toretocnemus, and more derived merriamosaurs. A list of apomorphies found in the PAUP analysis that diagnose the described taxon is provided in Table S3 .
SI Anatomical Descriptions
Skull Anatomy. Whereas weathering removed the premaxillae, the anterior part of the maxillae and nasals, the external nares, and the tooth-bearing part of the lower jaw, the skull is well preserved, and most sutures are easily discerned (Fig. 1 A-D) . Beginning with the anteriormost preserved bones, the maxillae bear large teeth to the posterior tip of the bone. There are large nutritive foramina on the lateral side of the maxillae, dorsal to the teeth. The nasals are very extensive, contacting the postorbitals posteriorly, but they are not participating in the upper temporal opening. The frontals are small, forming the anteromedial margin of the upper temporal opening, but fully surround the pineal foramen. There is a low and small sagittal crest in front of the pineal foramen, changing to a broad plateau posteriorly. The parietals are even smaller than the frontals and only participate medially in the upper temporal opening. The latter shows a shallow but distinct anterior terrace that incorporates the posterolateral process of the nasal. The occipital region of the skull is not exposed, partially because of the far posteriorly drawn out upper temporal openings. The posteromedial to posterolateral margin of the upper temporal opening is formed by the supratemporal, thereby excluding the squamosal from the upper temporal opening. The supratemporal lacks a ventral process. The anterolateral margin of the upper temporal opening is formed by the large anteromedial process of the triradiate postorbital. This bone also forms the posterior margin of the orbit. The dorsal margin of the orbit is formed by the fused prefrontal and postfrontal, which does not participate in the upper temporal opening. The lacrimal and jugal are narrow and slender.
The palate is only partially prepared yet, but it seems to be dominated by the large pterygoids, which appear widely separated at the skull midline, exposing the basisphenoid and the base of the braincase. The separation of the pterygoids has been accentuated by diagenetic flattening of the skull. The lower jaws are preserved in articulation with the skull and accordingly have lost their anterior parts to weathering. The preserved parts are massive and deep. Only the dentary and the surangular can be identified with certainty. The former extends as far back as the maxilla but apparently lacked teeth, which means that at least the five or six posteriormost maxillary teeth lacked antagonists in the preserved region of the rostrum. The surangular has a distinct coronoid eminence below the posterior third of the orbit.
The dentition of Thalattoarchon is described in the main text, but here we provide some additional information. Following Massare, the cut feeding guild is characterized by the presence of cutting edges and a certain type of tooth wear. Tooth wear is not observable in the available specimen, but the cutting edges strongly suggest Thalattoarchon was a member of the cut feeding guild. In addition, both tooth shape and size are congruent with the cut guild. The tooth shape index in preserved teeth is ∼2.5, and the tooth size index is >0.07, which is a minimum estimate because of the flattening of the skull and the possible presence of larger teeth more anteriorly. In contrast, Cymbospondylus petrinus was probably a member of the smashing or general feeding guild.
Postcranial Anatomy. A total of 32 anterior and middle dorsal vertebrae are prepared. The anterior dorsals are recognized as such based on wide single-headed ribs that are associated with them (as opposed to double-headed ribs in the cervical region of the vertebral column). These vertebrae are nearly round in anteroposterior view, and they are ∼100 mm in diameter and 60 mm long. Remarkably, this value for centrum length remains rather constant throughout the presacral column and in the anteriormost preserved caudals. The neural spines of the anterior dorsal vertebrae are 130-140 mm tall and thus slightly higher than the vertebrae. They are laterally flattened throughout and do not leave a gap between them in lateral view. The neural arches in this region further have distinct paired zygapophyses. Toward the middorsal region of the vertebral column (Fig. S1A) , vertebral height increases to ∼120 mm, with the length remaining the same. The anterior to middle dorsals have an elongate rib articular facet that dorsally is connected to the neural arch facet, running down the side of the centrum in an anterior direction. The rib articular facets are not truncated by the anterior margin of the centrum, unlike in Cymbospondylus. The facet does sometimes touch the anterior margin but is never confluent or truncated (Fig. S1A) .
The posterior dorsal vertebrae retain the same height and length as the middle dorsals but have a flattened ventral surface. Their most striking feature is the double rib articulation, which is also seen in basal ichthyosaurs (Grippia and Chaohusaurus) and in mixosaurs outside Merriamosauria. Among Merriamosauria, this character only occurs in Toretocnemus and in the latest Triassic to Cretaceous Neoichthyosauria (7, 10) .
The anterior-most preserved caudal vertebrae have a triangular shape with a strong but rounded double ventral keel and large facets for the chevrons. In the middle caudals, the single rib articular facets are low on the centrum in the more anterior ones but gradually rise to the middle of the centrum to be lost in the posterior caudals. All of the middle and posterior caudal vertebrae are laterally flattened and roughly twice as tall as wide while gradually decreasing in length. The tail appears rather straight without a downturned tip or tail bend.
The only completely preserved bone of the pelvic girdle and hindlimb is the right ilium (Fig. S1B) . Its acetabular portion is similar in shape and size to the one figured by Merriam (ref. 11, plate 12 , figures 1 and 4) for Cymbospondylus petrinus University of California Museum of Paleontology (UCMP) 9947, but the dorsal portion tapers to a point, suggesting a weak connection with the sacral ribs. Two more bones are informative, a femur and a zeugopodial element. The femur (Fig. S1C) is of the typical ichthyosaurian shape, flattened and wide with a slightly constricted shaft and an expanded distal end. Compared with that of C. petrinus UCMP 9947 (ref. 11, plate 12, figure 5) , it is of approximately the same length (23 cm is preserved) but wider. The flattened zeugopodial element is either a tibia or a fibula. It has expanded ends and one concave margin. Most importantly, it is wider than long. Hence, the hindlimb and pelvic girdle were disproportionally small in Thalattoarchon, with the length of the femur being only twice the height of the caudal vertebrae.
SI Length Estimate and Proportions
Our minimum length estimate of 8.6 m for the holotype skeleton of Thalattoarchon is based on the following reasoning. The preserved skull length is around 930 mm, but the entire rostrum is missing. On the basis of our skull reconstruction, the preserved skull length is probably similar but slightly shorter than postnarial skull length, i.e., the distance from the posterior end of the extranal naris to the posterior end of the skull. For comparison, Cymbospondylus petrinus (UCMP 9950) has a total skull length of 1,170 mm, with a postnarial skull length of ∼530 mm, which is only about 57% of the same in Thalattoarchon. Skull length of Thalattoarchon must have been well over 1,200 mm as a very conservative estimate.
Assuming there were 60 presacral vertebrae, each 60 mm in length (see above), and there was an intervertebral spacing of 5 mm, the length of the presacral column would have been 3,900 mm. Because the actual number of presacral vertebrae is unknown, the combined length of the unprepared blocks of presacral column of 1,540 mm can be added to the length of the 32 prepared presacral vertebrae: 32 × 65 = 2,015 mm, making the length of the preserved presacral column 3,685 mm.
We then added to this the length of the tail, which is preserved in articulation to its tip. Of the tail, 1,400 mm remain unprepared, but the 19 already prepared vertebrae amounted to 1,060 mm. The total preserved tail length thus is 2,460 mm, giving a minimum preserved length estimate of 6,745 mm. However, considering the gap in the posterior trunk and anterior tail region, this value greatly underestimates the true length of the postcranial skeleton.
If we very conservatively assume a skull length of 1,200 mm and take the estimate of 3,900 mm for the presacral column and 3,500 mm for the tail, we arrive at 8,600 mm or 8.6 m as a conservative length estimate of the Thalattoarchon holotype. This length is in agreement with the measurements made in the field during excavation of the skeleton.
However, the sources of uncertainties in our length estimate can clearly be identified as the missing rostrum, the missing posterior dorsal and anterior caudal vertebral column, and the unknown number of presacral vertebrae. Ongoing preparation and future finds will refine this estimate.
SI Fauna and Food Web of the Fossil Hill Member
The Fossil Hill Member presents the rare situation in which a stratigraphic member belongs to more than one stratigraphic formation. Specifically, the Fossil Hill Member is part of the Prida Formation, which crops out in the Humboldt Range of central Nevada, and is also part of the Favret Formation, which crops out in the Augusta Mountains, about 50 km to the east (12) . Although the western outcrop of the Fossil Hill Member in the Humboldt Range is the source of the classical Middle Triassic ichthyosaur fauna described by Merriam (8) , vertebrate fossils were described from the eastern outcrop in the Augusta Mountains only much later (12, 13) .
The invertebrate fauna of the Fossil Hill Member is devoid of benthic forms, with the possible exception of the halobiid bivalves that are very abundant in the upper part (12) . Free-swimming invertebrates are represented exclusively by cephalopods, pri-marily a great diversity of ammonites (1, 12) , but also by coleoid cephalopods of the Atractites group. The mode of life of the halobiid bivalves is controversial: one hypothesis is that they had a pseudoplanctonic lifestyle (being attached to some floating seaweed), whereas the other is that they were able to live on the seafloor under dysoxic conditions by harboring chemosymbionts (14) . At any rate, it is clear from the sediments and fauna that the seafloor was a hostile environment during the deposition of the Fossil Hill Member.
However, both the extremely diverse ammonite fauna (1) and the rich marine reptile fauna (Table S4) suggest that the surface waters were productive and teaming with life. Both in the western and the eastern outcrop, fishes are relatively rare. Wemple (15) described a small shark fauna from the Fossil Hill Member of the Humboldt Range, whereas the shark fauna described by Cuny et al. (16) is from a bonebed at the top of the shallow water lower member of the Favret Formation, not from the Fossil Hill Member proper. Bony fishes from the Fossil Hill Member are only known from the Augusta Mountains outcrop, including Saurichthys and a small indeterminate osteichthyan (17) . In addition, the complete skeleton of a large coelacanth (>1,500 mm total length) was recovered but remains undescribed.
The tetrapod fauna of the Fossil Hill Member lacks any indication of the proximity of a shoreline and is overwhelmingly dominated by ichthyosaurs despite the great diversity of other marine reptile lineages occurring in the Triassic (18) . The only unequivocal nonichthyosaur is the sauropterygian Augustasaurus (19, 20) . The ichthyosaur fauna is dominated by two large-bodied Cymbospondylus species (4, 11) , to which the majority of all finds pertain. Small ichthyosaurs of the genus Phalarodon (P. callawayi and P. fraasi) are rare (21-23) but more common in the eastern outcrop, possible reflecting greater proximity to the paleoshoreline (17) . Fragmentary material also indicates the presence of a medium-sized ichthyosaur, the taxonomic distinctness of which from Cymbospondylus was recently revealed by the discovery of a partial skeleton of a pregnant female. Sexual maturity at a total body length of <3,000 mm is inconsistent with the individual pertaining to Cymbospondylus.
The enigmatic durophagous ichthyosaur Omphalosaurus was first described from the Humbold Range in 1906 (24) and has since been recorded from Middle Triassic marine deposits from around the Northern Hemisphere (25) . It has an extremely unusual crushing dentition apparently adapted for feeding on ammonites (25) . Like Omphalosaurus, the other previously known tetrapod taxa from the Fossil Hill Member are recorded from offshore deposits of Middle Triassic age across the Northern Hemisphere, principally those of Spitsbergen (Norway), Monte San Giorgio (Switzerland and Italy), and Guizhou Province (China). Thus, Thalattoarchon is the only marine tetrapod taxon unique to the Fossill Hill Member.
The authochthonous preservation of the fauna of the Fossil Hill Member in black shale and the trophic specializations of the animals inferred from functional morphology permits the reconstruction of the food web (Fig. S2) . We are aware that the trophic relationships in this food web do not have the same reliability as would be offered by fossilized stomach contents. The primary producer was the phytoplankton drifting in the water column that was consumed by zooplankton and presumably the halobiid bivalves. The zooplankton would have been the food resource for the cephalopods and the small actinopterygians. The durophagous members of the marine reptile fauna (i.e., Phalarodon and particularly Omphalosaurus) would have preyed on these. Smaller predators among the marine vertebrate fauna and predators specializing on small prey were the actinopterygian Saurichthys, the undescribed coelacanth, the medium-sized ichthyosaur, and Augustasaurus. By virtue of its large size, Cymbospondylus would have been able to prey on the smaller marine reptiles, but its generalized ichthyosaurian dentition, smaller skull, and long snout suggest that fish and squid also contributed heavily to its diet. At the top of the food chain was the macrophagous apex predator described in this report, T. saurophagis, having specialized on prey items such as medium-sized marine reptiles and juvenile Cymbospondylus (Fig. S2) . 
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